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New Characteristics and Trend of Regional Innovation Capacity in China
Abstract
Regional innovation is an important carrier of innovation-driven development and plays an important role
in regional economic growth. The evaluation of regional innovation capacity provides reference for central
and local policy making. The China's Regional Innovation Capacity Evaluation Report of 2020 shows that
innovation clusters with Beijing, Shanghai, Guangdong and Shaanxi as the centers have taken shape.
Major progress has been achieved in building the global centers for scientific and technological
innovation. Innovation capacity in the South is rising fast, while China's regional innovation capacity is still
facing challenges. The gap between the East, the West and the South is widening, and the imbalance in
innovation and development remains serious. The resources of science and education are not balanced,
and the economic development between universities and regions is not close. In the future, we still need
to rely on strategic layout to improve regional innovation capacity. Deepen the reform of scientific and
technological system and improve regional innovation system. The layout of science and education
resources and the establishment of enterprises as the main body of the industry-university-research
cooperation innovation mode should be built. We will seize the opportunities of the digital economy and
build a pole of growth for regional innovation.
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Abstract: Regional innovation is an important carrier of innovation-driven development and plays an important
role in regional economic growth. The evaluation of regional innovation capacity provides reference for central and
local policy making. The China’s Regional Innovation Capacity Evaluation Report of 2020 shows that innovation
clusters with Beijing, Shanghai, Guangdong, and Shaanxi as the centers have taken shape. Major progress has been
achieved in building the global centers for scientific and technological innovation, and the innovation capacity in
the South is rising fast. However, China’s regional innovation capacity is still facing challenges. The gap between
the East, the West, and the South is widening, and the imbalance in innovation and development remains serious.
The resources of science and education are not balanced, and the connection of universities and research institutes
with the regional economic development is not close. In the future, we still need to rely on strategic layout to improve regional innovation capacity. It is necessary to further deepen the reform of scientific and technological system and improve the regional innovation system. The layout of science and education resources and the
establishment of enterprises as the main body of the industry-university-research cooperation innovation mode
should be built. We will seize the opportunities of the digital economy and build a pole of growth for regional innovation. DOI: 10.16418/j.issn.1000-3045.20201219001-en

K

Keywords: regional innovation; innovation capacity evaluation; innovation concentration; unbalanced development

to regulation mode [14,15]. In a practical sense, China has a
wide territory and high regional diversity, which can provide
more space for innovation. The evaluation of regional innovation capacity provides not only a reference for national
coordination of regional innovation-driven development but
also the strategic support for the implementation of
innovation-driven development by local governments and the
long-term stable economic growth driven by industrial upgrading and economic transformation.
As one of the important reports of the national innovation
survey system, The China’s Regional Innovation Capacity
Evaluation Report has evaluated and analyzed the innovation
capacities of 31 regions (provinces, autonomous regions, and
municipalities directly under the Central Government) for 20
consecutive years with the focus on the core topic of the
construction of China’s regional innovation system. The
research data of the report are obtained from public material
such as statistical yearbooks and government reports. According to the practice of relevant evaluation reports, the
report uses data from two years ago and the missing data
undergo smoothing. In November 2020, The China’s Regional Innovation Capacity Evaluation Report of 2020
(hereinafter referred to as Evaluation Report 2020) was issued in Beijing. It systematically evaluates and analyzes the
innovation capacities of 31 regions (provinces, autonomous
regions, and municipalities directly under the Central
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Since the 1990s, regional innovation systems have received much attention [1]. Regional innovation is an important
part of national innovation systems [2] and also the basic
support for driving high-quality development, realizing
innovation-driven development, and solving prominent contradictions and problems in the current economic development [3,4]. With a long history and many different regions,
China has diverse regional innovation systems [5]. Meanwhile, in the process of reform and opening-up, China has
experienced market-oriented reform and opening innovation
transformation [6,7]. The different transformation processes in
regions have led to diverse regional innovation systems [8,9].
Thus, the formation of China’s regional innovation system is
different from that of the developed countries [10,11]. The
central topic that emerges from this is that the evaluation of a
region’s innovation capacity is critical to our understanding
of this region’s innovation development mode.
Theoretically, studies of regional innovation systems and
evaluation of innovation capacity expand the innovation
research to a spatial dimension. They give a geographical
connotation to innovation systems [2] and enrich the research
content of the national innovation system. How to balance the
relationship between regional innovation polarization and
fair resource distribution is a topic worthy to be studied [12,13].
It provides a diverse basis for the policy support of governments at different levels for innovation and research related
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Government) in China with the basic data in 2018 [16]. This
paper analyzes and summarizes the new distribution characteristics of the China’s regional innovation capacity on the
basis of the data of Evaluation Report 2020 combined with
those in reports of previous years. Besides, China’s regional
innovation capacity still faces challenges in the context of the
major changes in the international situation. This paper puts
forward some targeted strategic measures to enhance China's
regional innovation capacity.

1 New distribution characteristics of China's
regional innovation capacity
1.1 Innovation pattern changing slightly and
Guangdong leading still

①
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Evaluation Report 2020 shows that Guangdong ranks the
first in terms of the innovation pattern, followed by Beijing and
Jiangsu (ranking the second and the third, respectively). The top
three do not change compared with those in 2019 [16]. Figure 1
illustrates the utility values of regional innovation capacity and

the rankings of 31 regions in China . In terms of the utility
value of comprehensive innovation capacity, Guangdong continues to increase, which indicates that Guangdong’s leading
edge is further expanded. Besides, Shaanxi ranks in the top 10 in
2020, while Tianjin drops out of the top 10.
The evaluation results in 2020 show that the rankings of
regional innovation capacity show some fluctuations (Figure
2). ① Twelve regions, including Xinjiang, Qinghai, Shaanxi, and Anhui, move up their rankings. Specifically, Xinjiang,
Qinghai, and Shaanxi all move up three places, while the
rankings of Shanxi, Liaoning, Henan, and Anhui are increased by two slots. ② The innovation rankings of eight
regions, such as Tianjin, Guizhou, Chongqing, Yunnan,
Guangxi, and Gansu, have declined. Tianjin continues the
downward trend in 2019. Its innovation capacity drops to the
15th position in China, with a low position in the four municipalities directly under the Central Government. Guizhou,
Chongqing, and Yunnan drop by four places, three places,
and three places, respectively. The transformation and development of innovation capacity in the western region are
still under pressure.

Figure 1

Comprehensive rankings of China’s regional innovation capacity in 2020 [16]

______________________________________

① The comprehensive utility value of regional innovation capacity is calculated by the comprehensive weighted evaluation method, and a single index is
nondimensionalized by the utility value method. The specific method and evaluation system can be referred to The China’s Regional Innovation Capacity
Evaluation Report of 2020.
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Figure 2

Change of China’s regional innovation capability rankings in 2020

The figure is plotted by the change of China’s regional innovation capability ranking in The China’s Regional Innovation Capacity Evaluation Report of
2020.

in its knowledge creation capacity. Beijing is rich in innovative and entrepreneurial resources, and has high-tech industries with high development and internationalization levels.
In addition, Beijing has made continuous efforts in investing
in enterprise innovation. According to the basic data, the
number of valid invention patents of industrial enterprises
above the designated scale in Beijing increased by 24.22% in
2018, and the average number of valid invention patents per
10,000 industrial enterprises above the designated scale increased by 25.54%. This has played a positive role in promoting enterprise innovation.
(3) Shanghai. Benefited from its geographical location and
high openness to the outside world, Shanghai has advantages
in attracting foreign investment and has a high capacity for
acquiring knowledge. These constitute an important foundation for innovation [18]. Moreover, with good business environment and institutional mechanisms, Shanghai has the
responsibility to build a scientific and technological innovation center with global influence. A new pilot free trade zone
has been established and, moreover, the Shanghai Stock
Exchange has launched the science and technology innovation board and a pilot registered system. In addition, the
strategy of promoting the integrated development of the
Yangtze River Delta with higher quality was also implemented in Shanghai [19]. In the future, it is an important
challenge that Shanghai will face to seize the strategic opportunity period, develop its policy advantages, and release
its innovative energy.

I

1.2 Leading regions having obvious innovation
advantages and catching-up regions making different progresses

1.2.1 Leading regions

K

In terms of the science and technology development
strategy, both leading and catching-up regions rely on their
own characteristics to promote regional innovation capabilities. This continuously highlights the important role of regional innovation in the national innovation system [17].
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(1) Guangdong. Guangdong still ranks first in regional
innovation capacity in 2020. Moreover, its utility value of
comprehensive innovation capacity further improves.
Guangdong’s leading edge continues to expand, and its innovation capacity is improving at a faster pace than those of
other regions. Thanks to its geographical location, Guangdong has gradually developed a highly open foreign trade
economy and active foreign investment environment since
the reform and opening-up. Guangdong has good business
environment and relaxed environment for innovation and
entrepreneurship. Basic data show that compared with the
same period of the last year, Guangdong’s research and development (R&D) investment increased by more than
19.67% in 2018, and the number of international papers increased by 13.27%. The R&D full-time staff and the average
R&D full-time staff per 10,000 people increased by 34.93%
and 32.81%, respectively. The number of technology business incubators increased by 208, and the venture capital
investment increased by 53.55%. These data show that
Guangdong is continuously improving the innovation and
entrepreneurship environment by increasing the innovation
capital and manpower investment as well as constructing
innovation carrier.
(2) Beijing. Beijing concentrates many innovative elements such as human resources and scientific and technological resources, and these elements create a huge advantage

1.2.2 Catching-up regions
Considering distinctive resources and their positions in the
national innovation rankings, many regions have introduced
regional innovation policies and strategies that are suitable
for their own development. Twelve regions that move up in
the 2020 rankings have distinctive innovation policies.
Herein, Anhui, Shaanxi, and Liaoning are taken as examples
for illustration.
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Delta innovation agglomeration centered on Shanghai, the
Pearl River Delta innovation agglomeration with Guangzhou
as the center, and the regional innovation agglomeration
centered on Chengdu, Chongqing, Wuhan, and Xi’an. With a
large number of research institutions and universities, Beijing
has strong knowledge creation capability. Shanghai has developed foreign trade economy and high level of knowledge
acquisition. As a result, with a good development foundation,
the urban agglomeration in the Yangtze River Delta has
strong manufacturing capacity and a complete industrial
system [19]. On the basis of a strong foundation of the electronic information industry, the Pearl River Delta has a
complete industrial chain and strong innovation capability of
industrial technology. The Chengdu-Chongqing economic
zone has developed defense-related science, technology, and
industry as well as the equipment manufacturing industry,
with the densest population and active user groups. The
above regions have constructed regional innovation systems
with their own characteristics.

I

(1) Anhui. To improve the regional innovation capacity,
Anhui government has adopted a new model of deep involvement in basic research and applied basic research. From
the perspective of funds, talents, and land, Anhui adopted
initiatives such as using local financial funds to support the
construction of supporting parks for basic research, establishing a chief scientist system for national science centers,
allowing construction funds of key projects to be used for the
introduction and cultivation of talents at a certain proportion,
and giving priority to securing construction land of Hefei
comprehensive national science center, thus exploring and
constructing the new mode of local governments fully participating in basic research and applied basic research.
(2) Shaanxi. Shaanxi, whose ranking has moved up a lot in
terms of the innovation capacity, insists on the “two-wheel
driving” of science and technology innovation and institutional innovation. By building an open sharing mechanism of
large scientific instruments and facilities with the core of
open sharing of scientific and technological resources,
Shaanxi has solved the problem of non-unified equipment
management, data standards, and operation services of scientific and technological innovation resources. Xi’an has
built a third-party industrial e-commerce service platform for
experimental testing. By moving large-scale instruments and
equipment, cutting-edge test methods based on invention
patents, and expert test and diagnosis services with the
big-data management and analysis as the core from offline to
the Internet, the platform provides “one-stop” online test
services and comprehensive analysis solutions for micro,
small and medium-sized enterprises and private enterprises
participating in military supplies construction that lack test
resources or whose own resources cannot meet their needs,
such as formulation and reservation of the test business,
modular design and electronic approval of tests, online
tracking of business progress, remote analysis of test data,
and evaluation of test results.
(3) Liaoning. Liaoning is the only province in the northeastern region that has increased ranking, and its innovation
policies are beginning to show effects. Liaoning has driven
the regional innovation capacity through comprehensive
innovation reform of state-owned enterprises. Aiming at the
problems of state-owned enterprises under the traditional
organizational model, such as insufficient innovation power,
low use efficiency of tangible and intangible resources, coexistence of lack of talents and employee redundancy, and
unbounded employee and enterprise interests, Liaoning has
adopted the operation mode reform that supports employee
intrapreneurship in state-owned enterprises and achieved
great results.

1.4 Gradually strengthened foundation of regional
innovation-driven development
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(1) R&D investment. The R&D investment of a region is
closely related to its innovation capacity [20]. Compared with
the last year, 2018 witnessed the total government R&D
investment of CNY 397.863 billion in China, with an increase
of 14.09%. The R&D investment of 27 provincial governments increased in comparison with the last year. Among
them, the government R&D investment of Chongqing,
Jiangsu, and Shaanxi increased by more than 30%. The enterprise R&D investment in China reached CNY 1 295.48
billion in 2018, which was increased by 7.84% as compared
with the last year. The growth rate of enterprise R&D investment in 18 regions exceeded 10%. Specifically, the
growth rate of Tibet reached 186.67% and Hainan had a
growth rate of 51.6%. The total enterprise R&D investment
of Guangdong, Jiangsu, Shandong, Zhejiang, and Shanghai
reached CNY 725.249 billion. The total enterprise R&D
investment of these five regions accounted for more than
60.37% of that in the whole country. Different constitutions
of R&D investment reflect the difference of innovationdriven sources. Figure 3 demonstrates levels and sources of
R&D investment in 31 regions in China. The government
R&D investment of Beijing, Hainan, Shaanxi, and Tibet
exceeds their enterprise R&D investment, and enterprise
R&D investment is significantly higher than the government
R&D investment in the other 27 regions. Beijing and Shaanxi
are dominated by science-driven or interest-driven innovations, while Jiangsu and Guangdong by technology-driven or
market-driven innovations.
(2) Patent application and licensing. Generally, regions
with leading innovation capabilities also have a large number
of patent applications. In 2018, Guangdong filed 216 469 invention patent applications, surpassing Jiangsu to become the
first in China. The number of invention patent applications

1.3 Formation of regional innovation system with
multiple centers
Overall, China has basically formed several innovation
agglomerations such as the Beijing-Tianjin-Hebei innovation
agglomeration with Beijing as the center, the Yangtze River
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Figure 3

Level and source structure of R&D investment in China’s 31 regions in 2018 [16]

2.1 Volatile international situation leading to
challenges for the construction of three science and
technology innovation centers in China

Currently, the Sino-US trade friction continues to escalate,
and the pattern of the global industrial chain has been damaged. Moreover, the US has stepped up its technology
blockade against China, from “tariff increase” to the “Entity
List,” which has highlighted the bottleneck problem in the
science and technology field in China. The value of foreign
trade in the eastern region of China has declined, and some
regions are facing the risk of being separated from the global
system of industrial division of labor. All these changes will
have a certain impact on the regional innovation pattern.
Therefore, the task of self-reliance and self-improvement in
the science and technology field is arduous. In this context,
the construction of China’s three science and technology
innovation centers all face different challenges, and the
problem of regional collaborative innovation is particularly
prominent. In the past 20 years, the collaborative innovation
level in the Beijing-Tianjin-Hebei region has not improved
significantly. Specifically, there is low industrial complementarity and culture similarity of innovation systems, and
the collaborative innovation environment still needs to be
strengthened. The Yangtze River Delta region has steadily
improved its regional collaborative innovation capability and
made significant progress in integration. In Guangdong,
Hong Kong, and Macao, the overall regional collaboration is

CN

in Guangdong increased by 18.52% in comparison with the
last year, accounting for 15.68% of the total in China. The
total number of patent applications in Guangdong, Jiangsu,
Zhejiang, Shandong, and Beijing accounted for 55.62% of
the total in the whole country. The number of granted invention patents increased in 23 regions in 2018, with those of
Tibet, Hainan, and Qinghai increasing by more than 20%
(Table 1). In 2018, the total sales revenue from new products
of industrial enterprises above the designated scale in China
was CNY 19 709.406 billion, with an increase of 2.88% over
the last year. Moreover, six regions had a growth rate of more
than 20%.
Overall, the innovation capacities of these regions have
been improving steadily, with some key basic indicators
growing significantly. However, the innovation investment
and output in some regions decreased. There is still a long
way to go for innovation-driven development.

2 New challenges faced by regional innovation capacity

Although China’s regional innovation capacity is steadily
improving, unbalanced and insufficient development still
exists. Moreover, the current international situation is complex and volatile. This adds uncertainties to regional development and makes it more challenging to enhance the
regional innovation capacity.

© 2021 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.
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Regional patent application changes in 2017 and 2018
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Table 1

The table is plotted by the data of China Statistical Yearbook on Science and Technology.
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at a low level for the moment due to the specialty of the
policy of “one country, two systems.”

2.2 Gaps among regions increasing and collaborative development facing challenges

2.3 Unbalanced science and education resources
and poor connection of universities and research
institutes with regional economic development
Unique science and education resources are the advantages of regional innovation. Currently, the unbalanced
allocation of science and education resources in China has led
to great challenges for underdeveloped regions in catchingup and cooperation [21]. However, it is common that rich
science and education resources are separated from local
innovation, and universities as well as research institutes are
not closely associated with regional economic development.
The transformation rate of scientific and technological
achievements in universities and research institutes is low
overall, and the scientific and technological achievements
have low contributions to economic development. All these
phenomena show that the innovation investment and output
of the leading regions have obvious advantages, and the
regional innovation capacity is gradually “polarized” and
even “solidified.” Under the challenge of regional innovation
“polarizing,” how to fully and effectively promote the flow
and sharing of innovation elements in regions and achieve
coordinated regional development is the key to the improvement of regional innovation capacity.
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Due to the differences in resource capacity, geographical
conditions, and policy orientation among regions, the unbalanced development of regional innovation capacity in
China is prominent [14,21]. The growth rate of central and west
China has exceeded that of east China. The gap between the
innovation development in the east and the west China region
is narrowing, but the absolute gap is still large. In the past 20
years, the gaps in the innovation capacities of east, central,
and west China are almost in a solidified state, and the innovation capacity also varies much in the northern area and
the southern area of west China. In recent years, Shaanxi and
Chongqing have increased their investment in science and
technology, and their innovation capacities have improved
significantly. They are among the top 10 in the regional innovation capacity rankings, while Inner Mongolia and Tibet
are in the lower part of the rankings. This shows the big difference inside of the western region. By comparing the innovation capacities of 15 regions in the southern region and
16 regions in the northern region through historical data, we
find that the gap between the northern region and the southern region is expanding, and the overall evolution pattern is
“expanding-stable-expanding-stable” (Figure 4). Especially
for the regions in the northeastern region, their rankings
continue to decline, and the overall innovation capacity is
urgent to be improved. At present, the unbalanced state that
the gap among regions is increasing brings about difficulties
for regional collaborative innovation development, making it
challenging to enhance the national innovation capacity and
achieve high-quality development.
From the latest rankings of regional innovation capacity in

China, five out of seven regions in east China are among the
top 10, which have leading innovation capacities. The innovation capacities of six provinces in central China have also
made some progress. At this stage, the strategy for the rise of
central China and high-quality development strategy in the
Yellow River Basin may become a major opportunity for the
central region to improve its innovation capacity [22]. In west
China, Shaanxi ranks in the top 10; Chongqing and Sichuan
are also competitive; while the innovation capacities of
Gansu, Qinghai, and Xinjiang are relatively poor.

Figure 4

Variation trend of innovation ability difference between north China and south China

The figure is plotted by the data of China Regional Innovation Capacity Evaluation Report (2000–2020).
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3 Strategic measures of improving regional
innovation capacity
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(1) Deepening reform of scientific and technological system and improving regional innovation system. As China’s
reform has entered the deep water zone, the regional development modes are being solidified by the influence of culture, geography, and development history of industries. The
underlying logic of the regional innovation paradigm continues to adjust, and the demand of enterprises for platformbased innovation, institution-based innovation, and ecosystembased innovation is becoming stronger. The traditional
technology-driven and market-driven modes are not sufficient to continue to support the enhancement of regional
innovation. In the future, the government should deepen the
reform of scientific and technological system to combine
institutional innovation with the major needs of high-quality
development, thus allowing the free flow and efficient allocation of innovative talents, funds, technology, industry,
market, and other elements in the region. The market-based
mechanism should be fully developed to allocate innovation
resources, so as to release the vitality of regional collaborative innovation. Besides, different regions should be encouraged to establish new types of research and development
institutions and build regional innovation modes with their
own characteristics and advantages.
(2) Establishing industry-university-research cooperation
innovation mode by depending on the layout of science education resources. The expanding gap among regions in innovation capacity results in challenges in coordinated
regional development. We suggest the following for the future. ① The allocated science and technology resources
should meet the construction requirements of the pilot
demonstration areas. The government should build major
innovation carriers in Shenzhen such as 5G, artificial intelligence, cyberspace science and technology, and life information and biomedical laboratories, so as to enhance basic
research and applied basic research. ② The government
should allocate science, technology, and education resources
to underdeveloped regions with priority to support balanced
regional development. National innovation centers should be
built in the western region. In the future, some national major
science and technology infrastructure and major installations
can be built in central and west China with priority, with the
aim of establishing a series of “innovation ports” led by hard
science. ③ The government should guide industryuniversity-research collaborative innovation and deep integration. The major position of enterprises in innovation
should be emphasized. The government should establish
a talent training system with a whole chain of
industry-university-research-application, thus continuously
providing talents for enterprise innovation. Besides, it is also
necessary to improve intellectual property protection
system and increase the policy support for the science and
technology service industry.

(3) Seizing the opportunity of digital economy to build
growth poles of regional innovation. The improvement of
regional innovation capacity is the combined result of several
elements. In addition to government policies, they also include local talents, capital, technology, and industry. The rise
of the digital economy has eased the space constraint of innovation elements to some extent and has provided new
technical support for element flow among regions and industrial collaboration. It is suggested that the government
should pay attention to the development of digital economy
and build technological R&D and innovation bases. The
government should improve the infrastructure construction of
digital economy and focus on the construction of regional
big-data industrial parks, big-data bases, and big-data intelligent industrial parks. In addition, qualified research institutions as well as science and technology enterprises should
be encouraged to establish digital economy bases, R&D
centers, and incubation centers. The government should use
digital technology as support to drive the concentration of
innovation elements and promote the formation of more
growth poles of regional innovation.
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